A fungal endophyte which was identified as a hitherto undescribed member of the family Xylariaceae by sequencing of the ITS region was isolated from fresh and healthy leaves of Lansium domesticum collected on tropical peatland of West Kalimantan, Indonesia. Chromatographic separation of the ethyl acetate extract of the fungus resulted in the isolation of three new arugosin type metabolites, including arugosins O (1), P (2), and Q (3). The structures were determined by analysis of 1D and 2D NMR spectra and HRMS data, and by comparison with data from the literature. Biological activities of those compounds are also reported.
Endophytic fungi spend the whole or part of their lifecycle colonizing inter-and/or intra-cellularly healthy tissues of plants without causing apparent symptoms of disease [1] . Although the existence of endophytes has been reported in many plants [2] , the exact interaction between endophytes and their host plants is often not well understood. Their role in bioprospecting is more obvious as numerous valuable bioactive compounds with antimicrobial, insecticidal, cytotoxic, and anticancer activities have been discovered from endophytic fungi [1] .
Lansium domesticum is a tropical plant well known for its fruit called duku, langsat, or longkong in Indonesia or in Malaysia. The leave extract of this plant has been reported to interrupt the lifecycle of Plasmodium falciparum [3] [4] [5] . Previous investigation of leaves from L. domesticum yielded a cycloartanoid triterpene [6] while the seeds contain tetranortriterpenoids [7] [8] [9] [10] and onoceranoids-type triterpenoids [11] [12] . However, no secondary metabolites from endophytic fungi of L. domesticum have been reported so far. During this study we isolated a hitherto undescribed species of the family Xylariaceae from leaves of L. domesticum. Previous investigations of secondary metabolites from members of the Xylariaceae yielded sesquiterpenoids, isocoumarins, and polyketides [13] [14] [15] [16] [17] . Many of these metabolites showed antimicrobial, antioxidant, cytotoxic, or antifouling activities [14] [15] [18] [19] . In this paper we report the isolation, structure determination, and biological evaluation of three new arugosin derivatives from the endophytic fungus Xylariaceae sp. following fermentation on solid rice medium. This is the first report on secondary metabolites from endophytic fungi of L. domesticum Corr.
The EtOAc extract of the fungus Xylariaceae sp. was submitted to chromatographic separation yielding three new compounds 1-3. Compound 1 was obtained as a yellow solid with the molecular formula C 26 The HMBC connectivities confirmed the presence of two tetrasubstituted benzene rings in the structure of 1 (Figure 1 ). An acetal proton resonance at δ 5.65 (1H, s, H-5) showed long range correlations to δ 116.8, 154.5, and 56.9 assigned to CH-3, C-6, and OCH 3 -5, respectively. Both meta coupled aromatic protons showed HMBC correlations from δ 6.94 (1H, d, J = 1.7 Hz, H-3) and 6.87 (1H, d, J = 1.7 Hz, H-15) to an aryl methyl carbon at δ 21.8 (CH 3 -1) and a quaternary carbon at δ 116.9 (C-13). This assignment was consistent for a 1,2,3,5-tetrasubstituted benzene ring with an oxygenated carbon at δ 162.4 (C-14). A second 1,2,3,6-tetrasubstituted benzene ring was constructed based on HMBC correlations from ortho coupled aromatic protons at δ 7.33 (1H, d, J = 8.2 Hz, H-8) to two oxygenated aromatic carbons at δ 154.5 (C-6) and 162.7 (C-10), and at δ 6.58 (1H, d, J = 8.2 Hz, H-7) to two quaternary aromatic carbons at δ 124.8 and 113.4, assigned to C-9 and C-11, respectively. These data were supportive of a dibenzo[b,e]oxepinone skeleton [20] .
Analyses of 1 H-1 H COSY and HMBC correlations (Table 1) further established the presence of a geranyl moiety in the structure of 1. The 1 H-1 H COSY spectrum exhibited correlations between an olefinic proton at δ 5.33 (1H, m, H-2′) and a methylene proton at δ 3.33 (2H, d, J = 7.4 Hz, H-1′) and from a methylene proton at δ 2.12 (2H, m, H-6′) to an olefinic proton at δ 5.11 (1H, m, H-7′) and a methylene proton at δ 2.08 (2H, m, H-4′). The HMBC spectrum showed long range correlations from two methyl groups at δ 1.68 (3H, s, H-10′) and 1.60 (3H, s, H-9′) and a methylene proton at δ 2.12 (2H, m, H-6′) to two olefinic carbons at δ 124.3 and 131.5, assigned to C-7′ and C-8′, respectively. Adjacent methylene signals at δ 2.12 (2H, m, H-6′) and 2.08 (2H, m, H-4′), a geminal proton at δ 3.34 (2H, d, J = 7.4 Hz, H-1′), and a methyl substituent at δ 1.70 (3H, s, H-5′), each correlated with a quaternary carbon C-3′ and a methine olefinic carbon C-2′ at δ 137.1 and 121.6, respectively.
The attachment of the geranyl unit at δ 124.8 (C-9) was secured by HMBC correlations from a geminal proton at δ 3.34 (2H, d, J = 7.4 Hz, H-1′) to an oxygenated aromatic carbon at δ 162.7, a methine aromatic carbon at δ 137.0, a quaternary aromatic carbon at δ 124.8, and a methine olefinic carbon at δ 121.6, assigned to C-10, C-8, C-9, and C-2′, respectively. The HMBC spectrum also showed correlations from a methine aromatic proton at δ 7.33 (1H, d, J = 8.2 Hz, H-8) and an olefinic proton at 5.33 (1H, m, H-2′) to δ 124.8 (C-9). Compound 1 to which the trivial name arugosin O was given shows structural similarity to arugosin K (4) featuring the same dibenzo[b,e]oxepinone skeleton but it differs from the latter by a geranyl instead of an isoprenyl substitutient at C-9 [20] . This is the first report of an arugosin derivative featuring a geranyl unit.
Compound 2 was isolated as a yellowish solid with the molecular formula C 33 H 42 O 8 based on HRESIMS data. The LC-MS spectrum of 2 showed a signal at m/z 529 [M + Na-60] + due to the loss of an acetic acid function. The 1 H NMR data (Table 1) of 2 were similar to those of 1, except for the appearance of an oxygenated proton signal at δ 4.78 (1H, dd, J = 2.5, 10.3 Hz, H-12′), two geminal protons at δ 1.98 (2H, m, H-10′) and 1.67 (2H, m, H-11′), and three methyl substituents at δ 1.19 (3H, s, H-14′) and 1.18 (3H, s, H-15′) including an acetoxy group at δ 2.10 (3H, s, OOCCH 3 -12′). The methyl group at δ 1.68 (3H, s, H-10′) in 1 was shifted upfield compared to 2 (signal at δ 1.18). These data indicated that compound 2 contains a farnesyl side chain rather than a geranyl moiety as found in 1. Additionally, the 13 . Furthermore, a methyl proton resonance at δ 1.59 (3H, s, H-9′) exhibited correlations to 13 C NMR resonances at δ 124.6, 134.0, and 36.2, assigned to an olefinic carbon (CH-7′), a quaternary carbon (C-8′), and a geminal carbon (CH 2 -10′), respectively. Therefore, compound 2 was identified as a new constituent and named arugosin P. This is also the first report of a member of the arugosin family bearing a farnesyl side chain at C-9.
Compound 3 (Fig 1) was obtained as a yellow solid. The positiveion HRESIMS of 3 gave a pseudomolecular [M + Na] + ion at m/z 561.2820, corresponding to the molecular formula C 32 H 42 O 7 . The UV spectrum of 3 showed the same absorptions as a compound 2. The 1 H NMR spectrum of 3 was also similar to that of 2, except for the presence of two methoxy group resonances at δ 3.57 (3H, s, OCH 3 -5) and 3.21 (3H, s, OCH 3 -12′) and the absence of an acetoxy group resonance at δ 2.10 (3H, s, OOCCH 3 -12′) in compound 3. Hence, compound 3 was identified as a new constituent and named arugosin Q.
The [] D
23 values of compounds 1-3 were -9.4 (c 0.4, CHCl 3 ), -2.3 (c 0.8, CHCl 3 ), and -1.8 (c 0.2, CHCl 3 ), respectively. The low specific optical rotations would suggest these compounds were scalemic mixtures. Other arugosin derivatives such as arugosin A (5) and B (6) which were isolated from Aspergillus sp. were reported to be racemic [21] [22] [23] [24] . Furthermore, the known compounds arugosin N (7) and 1,6,10-trihydroxy-8-methyl-2-(3-methyl-2-butenyl)-dibenz[b,e]oxepin-11(6H)-one (8) were also isolated as a racemic mixtures [20] .
Sun et al. [20] and Pockrandt et al. [24] stated that a hemiacetal linkage in the arugosin structures was unstable and easy to split, therefore, compounds 5/6 and 7/8 could interchange and exist as inseparable tautomeric mixtures. The [] D values for these compounds have not been reported. Sun et al. [20] also isolated arugosins K (4), L (9) which contained an ethoxy group at C-5, and M (10), each was a mixture. Arugosin F (11) [25] with the absence of isoprenyl groups and arugosin G (12) [26] with two isoprenyl groups attached at C-7 and C-9, each showed small negative specific optical rotations, by a careful search using analytical HPLC analysis. Therefore, we inferred that compounds 1-3 were natural products.
Compounds 1-3 were evaluated for antibacterial (Acinetobacter baumanni, Enterococcus faecalis, E. faecium, and Staphylococcus aureus), anti-TB, and cytotoxic activity against human ovarian cancer (A2780 sens and A2780 CisR) and murine lymphoma (L5187Y) cell lines, but none of the analyzed compounds showed biological activities when assayed as a dose of 100 μM. The fresh leaves were thoroughly cleaned with distilled water, followed by sterilization of the leave's surface using 70% ethanol for 2 min and finally rinsing them with sterile water. After the leaves were dried, the presence of surfaceadhered fungi was excluded by performing an imprint of the leaves surface on biomalt agar control plates. The leaves were cut aseptically using a sterile blade and pressed onto malt agar plates containing the antibiotic chloramphenicol to suppress bacterial growth. After incubation for three days at room temperature (25 o C), the fungal strain under investigation started to grow out of the leaves. From growing cultures on control agar plates, a pure fungal strain (FLS-17R) was isolated by repeated reinoculation on fresh malt agar plates using the streak plate technique [27] .
Identification of the fungal strain:
The fungus was identified using a molecular biological protocol by DNA amplification, DNA purification, and sequencing of the ITS region (GenBank accession no: KP263086.1) as described previously [27] . This fungal strain was identified as Xylariaceae sp. A voucher strain is kept in the Institute of Pharmaceutical Biology and Biotechnology, HeinrichHeine Universität, Düsseldorf, Germany, with the ID code FLS-17R.
Extraction and isolation:
A flask of the fungal culture (FLS-17R) on solid rice medium was extracted three times with 600 mL EtOAc. Evaporation of the EtOAc extract gave 600 mg extract which was then chromatographed over a Sephadex LH-20 using DCM/MeOH (1:1) yielding ten fractions (FLS-17R1-R10). Fraction FLS-17R-7 (170 mg) was chromatographed further by reversed phase HPLC (60-80% for 5 min then continued by 80-100% for 30 min of MeOH/H 2 O, flow rate 3 mL/min, UV detection at  max 254 nm) to obtain compound 1 (3 mg). Further, fraction FLS-17R-5 (25 mg) was purified by C 18 -HPLC (60-90% for 10 min then continued by 90-100% for 20 min of MeOH/H 2 O, flow rate 3 mL/min, UV detection at  max 254 nm) to give compounds 2 (3 mg) and 3 (0.3 mg).
